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ABSTRACT 

The p e r t u r b i n g  e f f e c t s  o f  l u n a r  and s o l a r  g r a v i t y ,  
a s  w e l l  as  e a r t h  o b l a t e n e s s ,  on t h e  e l e m e n t s  of  e l l i p t i c  e a r t h  
o r b i t s  a re  examined. A d e t a i l e d  s t u d y  i s  made o f  t h e s e  e f f e c t s  
on p a r k i n g  o r b i t s  a s s o c i a t e d  w i t h  a nominal  t r a j e c t o r y  f o r  a 
proposed  1975  Mars f l y b y  m i s s i o n .  For compar ison ,  summary r e -  
s u l t s  are  p r e s e n t e d  f o r  t h r e e  o t h e r  proposed  p l a n e t a r y  m i s s i o n s ,  
i . e . ,  a Venus f l y b y  i n  1 9 7 5 ,  one i n  1977,  and a t r i p l e - p l a n e t  
m i s s i o n  i n  1976. 

It i s  shown tha t  s o l a r  and l u n a r  p e r t u r b a t i o n s  c a n  be 
s e v e r e  and t h a t  i n j e c t i o n  p a r a m e t e r s  must ,  i n  g e n e r a l ,  be s e l e c -  
t e d  w i t h  c a r e  i f  s i g n i f i c a n t  l i f e t i m e s  a r e  expec ted  of  t h e  
p a r k i n g  o r b i t .  However, i t  i s  concluded  t h a t  p a r k i n g  o r b i t s  
w i t h  r e a s o n a b l y  c o n s t a n t  p e r i g e e  a l t i t u d e s  e x i s t  f o r  t h e  two 
Venus m i s s i o n s .  The AV r e q u i r e m e n t s  f o r  m a i n t a i n i n g  p e r i g e e  
a l t i t u d e  f o r  t h e  o t h e r  t w o  m i s s i o n s  a re  est imated t o  be o n l y  
a small p o r t i o n  o f  t h e  t o t a l  m i s s i o n  r e q u i r e m e n t s .  
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TECHNICAL NEMORANDUM 

1 . 0  I N T R O D U C T I O N  - 

A proposed  method of d e p a r t i n g  on a n  i n t e r p l a n e t a r y  
m i s s i o n  i s  to p l a c e  s t a g e s  o f  t h e  space  v e h i c l e  i n t o  an  e l l i p -  
t i c  p a r k i n g  o r b i t  around e a r t h  by  s e p a r a t e  l a u n c h e s  and t h e n  
to assemble  t h e  t o t a l  v e h i c l e  i n  t h i s  o r b i t .  An i m p u l s i v e  
t h r u s t  a p p l i e d  a t  p e r i g e e  w i l l  t h e n  s t a r t  t h e  i n t e r p l a n e t a r y  
j o u r n e y .  Such a n  assembly o p e r a t i o n  may r e q u i r e  t h e  p i e c e s - -  
s e p a r a t e l y  o r  assembled-- to  remain i n  t h e  p a r k i n g  o r b i t  for as  
l o n g  a s  s i x  months.  

S e v e r a l  l a u n c h e s  from e a r t h  w i l l  be  r e q u i r e d  t o  
p l a c e  t h e  s t a g e s  i n t o  t h e  pa rk ing  o r b i t .  The i n j e c t i o n  maneu- 
v e r  h e r e  i s  c o n s i d e r e d  to c o n s i s t  o f  a Hohmann t r a n s f e r  f rom a 
1 0 0  n a u t i c a l  m i l e  c i r c u l a r  o r b i t  to a c i r c u l a r  o r b i t  o f  a l t i -  
t u d e  h t h e n  a s i n g l e  impulse t o  change t h e  c i r c u l a r  o r b i t  
i n t o  a n  e l l i p s e  w i t h  p e r i g e e  a l t i t u d e  h . P’ 

The v e l o c i t y  r e q u i r e -  
13 

ment f o r  t h i s  i n j e c t i o n  maneuver may b e  e x p r e s s e d  s y m b o l i c a l l y  
as* 

T h i s  i n j e c t i o n  v e l o c i t y  r equ i r emen t  i s  p l o t t e d  i n  F i g u r e  1 as 
it v a r i e s  w i t h  p e r i g e e  a l t i t u d e  and o r b i t a l  p e r i o d  of  t h e  
r e s u l t i n g  p a r k i n g  o r b i t .  

A t  t h e  o t h e r  end of t h e  assembly  t i m e  p e r i o d  i t  w i l l  
b e  n e c e s s a r y  to t r a n s f e r  f r o m  t h e  p a r k i n g  o r b i t  to t h e  i n t e r -  
p l a n e t a r y  d e p a r t u r e  t r a j e c t o r y .  The v e l o c i t y  r e q u i r e m e n t  f o r  
a one-impulse t r a n s f e r  i s  

*For d e f i n i t i o n  o f  a l l  symbols see L i s t  o f  Symbols. 



BELLCOMM, I N C .  - 2 -  

The dependence of  t h i s  v e l o c i t y  d i f f e r e n c e  on p e r i g e e  a l t i t u d e  
and o r b i t a l  p e r i o d  i s  shown i n  F i g u r e  2 .  

Al though t h e  numer i ca l  v a l u e  f o r  V, u sed  i n  F i g u r e  2 

i s  t h a t  f o r  a 1975 Mars f l y b y  m i s s i o n  i t  i s  t h e  e f f e c t  o f  h on 
P 

t h e s e  c u r v e s  t h a t  i s  s i g n i f i c a n t :  low p e r i g e e  a l t i t u d e s  a re  
d e s i r a b l e  a t  i n j e c t i o n  as well as  a t  d e p a r t u r e .  I n  t h i s  memo- 
randum p e r i g e e  a l t i t u d e s  between 1 0 0  and 300  n a u t i c a l  m i l e s  and 
o r b i t a l  p e r i o d s  o f  one t o  two days  w i l l  be  c o n s i d e r e d  as t y p i -  
c a l .  

T h i s  means t h a t  such  p a r k i n g  o r b i t s  c a n  have apogee 
r a d i i  from 4 2 , 0 0 0  to 7 0 , 0 0 0  n a u t i c a l  mi l e s .  It i s  t h e n  t o  be 
expec ted  t h a t  t h e  g r a v i t y  of  t h e  moon and t h e  sun  might  have a 
s i g n i f i c a n t  e f f e c t  on t h e  o r b i t a l  e l e m e n t s ,  e s p e c i a l l y  i n  view 
of t h e  p o s s i b l y  l o n g  (up t o  s i x  months)  l i f e t i m e s  expec ted  of 
such  o r b i t s .  

Be fo re  s t u d y i n g  t h e s e  p e r t u r b a t i o n s ,  a d i s c u s s i o n  of 
some g e o m e t r i c  r e q u i r e m e n t s  f o r  such  p a r k i n g  o r b i t s  i s  i n  o r d e r .  
Fo l lowing  t h a t ,  t h e  e f f e c t s  of  t h e  moon and sun  on p e r i g e e  h i s -  
t o r i e s  a r e  examined q u a l i t a t i v e l y .  The r e s u l t s  of  a p e r t u r b a -  
t i o n  a n a l y s i s  of  t h e  f a m i l y  of p a r k i n g  o r b i t s  f o r  a Mars f l y b y  
m i s s i o n  a r e  p r e s e n t e d  i n  d e t a i l  to show t h e  e f f e c t s  o f  o r b i t a l  
i n c l i n a t i o n  and p e r i o d  on o r b i t  l i f e t i m e .  I n  t h i s  c o n t e x t  
t y p i c a l  AV r e q u i r e m e n t s  f o r  m a i n t a i n i n g  p e r i g e e  a l t i t u d e  a r e  
a l s o  shown. F i n a l l y ,  s imi l a r  r e s u l t s  f o r  t h r e e  o t h e r  proposed  
p l a n e t a r y  m i s s i o n s  are  p r e s e n t e d  i n  summary. It i s  assumed 
t h a t  t r a n s f e r  to t h e  i n t e r p l a n e t a r y  l e g  of  t h e  t r i p  can  be made 
from p e r i g e e  w i t h  a s i n g l e  i n - p l a n e  impu l se ;  i . e . ,  p a r k i n g  
o r b i t s  which r e q u i r e  a n  i n c l i n a t i o n  change or r e o r i e n t a t i o n  
p r i o r  t o  d e p a r t u r e  a r e  n o t  c o n s i d e r e d  i n  t h i s  memorandum. 

2.0 P A R K I N G  O R B I T  PARAMETRIZATION 

2 . 1  The O r b i t a l  P l a n e  

An i n t e r p l a n e t a r y  t r a j e c t o r y  c a n  be  d e s c r i b e d  by a 
g e o c e n t r i c  h y p e r b o l i c  a r c  which i s  t a n g e n t  to a h e l i o c e n t r i c  
e l l i p t i c  a r c  a t  t h e  e a r t h ' s  s o - c a l l e d  s p h e r e  o f  i n f l u e n c e .  
The g e o c e n t r i c  e s c a p e  hype rbo la  i s  c h a r a c t e r i z e d  by i t s  asymp- 
t o t e ,  whose d i r e c t i o n  i s  t a k e n  to be p a r a l l e l  to t h e  common 
t a n g e n t  o f  t h e  two a r c s .  T h i s  d i r e c t i o n  i s  c a l l e d  t h e  d e p a r -  
t u r e  a sympto te  and w i l l  b e  r e p r e s e n t e d  v e c t o r i a l l y  by:  
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Thus t h e  pr imary  geomet r i c  c o n s t r a i n t  on an e a r t h  
p a r k i n g  o r b i t  f o r  a g iven  i n t e r p l a n e t a r y  t r a j e c t o r y  i s  t h a t  i t s  
o r b i t a l  p l a n e  c o n t a i n  t h e  d e p a r t u r e  a sympto te .  T h i s  d e f i n e s  an 
i n f i n i t y  of o r b i t a l  p l a n e s .  I f  w e  use  t h e  o r b i t a l  i n c l i n a t i o n  
( i )  as p a r a m e t e r ,  each  va lue  o f  i t h e n  d e f i n e s  two o f  t h e s e  
p l a n e s  as shown i n  F i g u r e  3 .  Exc lud ing  r e t r o g r a d e  o r b i t s  w e  
see  t h a t ,  f o r  each  i, one o r b i t  w i l l  b e  on t h e  a s c e n t  as i t  
passes th rough  t h e  d e p a r t u r e  asymptote  and t h e  o t h e r  on t h e  
d e s c e n t .  
" t y p e  1'' and to t h e  l a t t e r  a s  " t y p e  2." 
to F i g u r e  4 ,  t h e  a s c e n d i n g  node,  R, i s  o b t a i n e d  from 

We w i l l  r e f e r  t o  t h e  fo rmer  f a m i l y  o f  o r b i t s  a s  
S p e c i f i c a l l y ,  r e f e r r i n g  

s i n  ( a W  - Q )  = t a n  ",/ t a n  i ( 3 )  

Choosing t h e  v a l u e  of  R f o r  which 0' 
a t y p e  1 o r b i t .  A t y p e  2 o r b i t  r e s u l t s  i f  90' < - R < 180'. 

o r b i t  which n e i t h e r  ascends  n o r  descends  as i t  p a s s e s  th rough  

am - R < 90' r e s u l t s  i n  

- 

There  i s  a unique o r b i t  between these  two t y p e s :  an 

? and f o r  which i = 6 m .  T h i s  w i l l  be  c a l l e d  t h e  "minimum 
W 

i n c l i n a t i o n  o r b i t "  because  no p a r k i n g  o r b i t  (as  d e f i n e d  i n  t h i s  
c o n t e x t )  can  have an  i n c l i n a t i o n  l e s s  t h a n  t h e  d e c l i n a t i o n  o f  
t h e  d e p a r t u r e  asymptote .  

2 . 2  In-Plane  O r b i t a l  Elements 

Once t h e  o r b i t a l  p l a n e  has been  f i x e d  t h e  l o c a t i o n  o f  
+ 

p e r i g e e  r e l a t i v e  to VW can immedia te ly  be de t e rmined  from 
dynamica l  c o n s i d e r a t i o n s  b y  t he  e q u a t i o n "  

-1 
r C O S  e m  = 

2 
u r n  

1 + J v  
(4) 

< 180'. T h i s  leads t o  t h e  computa t ion  o f  w ,  t h e  where 90' < 000 - 

* 
T h i s  i s  v a l i d  if t h e  t r a n s f e r  to t h e  h y p e r b o l a  i s  accompl ished  

i m p u l s i v e l y  a t  p e r i g e e .  See F i g u r e  5 .  
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argument o f  p e r i g e e ,  i n  t h e  formula  

s i n  ( w  + e m )  = s i n  6,/ s i n  i ( 5 )  

A s  b e f o r e ,  a t y p e  1 or t y p e  2 o r b i t  r e s u l t s  a c c o r d i n g  as 0' + 
O m  < 90' o r  90' < w + O m  180 '  i s  chosen .  

F i n a l l y ,  t h e  e c c e n t r i c i t y  i s  g i v e n  by 

e = l - r / a  
P 

where a i s  r e l a t e d  t o  t h e  o r b i t a l  p e r i o d  by 

Thus,  f o r  t h i s  method o f  p a r a m e t r i z a t i o n ,  t h e  i n c l i n a t i o n  
d e f i n e s  t h e  o r b i t a l  p l a n e  (Equa t ion  3 ) ;  t h e  p e r i g e e  a l t i t u d e  f i x e s  
t h e  o r i e n t a t i o n  o f  t h e  e l l i p s e  i n  i t s  p l a n e  ( E q u a t i o n s  4 and 5 ) ;  
and t h e  o r b i t a l  p e r i o d  de te rmines  t h e  shape  o f  t h e  e l l i p s e  (Equa- 
t i o n s  7 and 6 ) .  

3 . 0  ORBITAL PERTURBATIONS 

3 . 1  Sources  o f  P e r t u r b a t i o n  

The t ime h i s t o r y  o f  the p a r k i n g  o r b i t  can be  a d e q u a t e l y  
d e s c r i b e d  as t h a t  o f  a K e p l e r i a n  e l l i p s e  whose o r b i t a l  e l emen t s  
a r e  p e r t u r b e d  d u r i n g  each  o r b i t  by t h e  g r a v i t a t i o n a l  p u l l  o f  
t h e  moon and s u n ,  as w e l l  a s  t h e  o b l a t e n e s s  o f  t h e  e a r t h .  The 
e f f e c t s  o f  a tmosphe r i c  d r a g  w i l l  n o t  b e  c o n s i d e r e d  i n  t h i s  
memorandum. 

The p r imary  o b j e c t i v e  of  t h i s  s t u d y  i s  t o  examine t h o s e  
p e r t u r b a t i o n s  which may a f f e c t  t h e  l i f e t i m e  o f  t h e  o r b i t .  T h e r e f o r e ,  
t h e  p e r i g e e  a l t i t u d e  d u r i n g  t h e  r e q u i r e d  t i m e  span  p r i o r  t o  t h e  
i n t e r p l a n e t a r y  d e p a r t u r e  d a t e  w i l l  b e  t h e  c r u c i a l  v a r i a b l e .  I n  
t h e  f o l l o w i n g  f o u r  s e c t i o n s  t h e  p e r t u r b a t i o n  s o u r c e s  w i l l  be  
d i s c u s s e d  q u a l i t a t i v e l y .  
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3 .2  Lunar  P e r t u r b a t i o n s  

An examina t ion  o f  t h e  e q u a t i o n s  d e s c r i b i n g  t h e  p e r i g e e  
r a d i u s  p e r t u r b a t i o n s  p e r  o r b i t  due t o  t h e  g r a v i t a t i o n a l  p u l l  of 
a t h i r d  body shows t h a t  t h e  motion h a s  a p e r i o d i c  component and 
a s e c u l a r  component ( e . g . ,  References  1, 2 ,  3 ,  and 4 ) .  S p e c i f -  
i c a l l y ,  t h e  p e r i g e e  a l t i t u d e  p e r t u r b a t i o n  p e r  o r b i t  can b e  
w r i t t e n  as (Refe rence  l)* 

,. . - . . 
2 2 Ah = KP ae 3’1-e [ ( c o s  2 w r  cos  2 i r )  s i n  2 y  - ( s i n  2 w r )  co s  2y P 

- ( s i n 2  i s i n  2 w r )  s i n  2 VI P 

where t h e  c o n s t a n t  K i s  a c h a r a c t e r i s t i c  of  t h e  d i s t u r b i n g  body. 
Thus,  i f  t h e  argument o f  p e r i g e e  and i n c l i n a t i o n  are  h e l d  f i x e d  
r e l a t i v e  t o  t h e  o r b i t  o f  t h e  d i s t u r b i n g  body ( s e e  F i g u r e  6 ) ,  t h e  
f i r s t  two terms a re  p e r i o d i c  and i n t e g r a t e  ( w i t h  r e s p e c t  to y) 
to z e r o  o v e r  one o r b i t  of t h e  d i s t u r b i n g  body. The l a s t  t e r m ,  
however,  i s  t h e  s e c u l a r  component. 

I n  t h e  c a s e  o f  t h e  moon, t h e  p e r i o d i c  component has a 
p e r i o d  of  one-ha l f  month and t h e  s i g n  o f  t h e  s e c u l a r  component 
depends on wr, or on t h e  o r i e n t a t i o n  o f  t h e  l i n e  o f  a p s i d e s  o f  
t h e  o r b i t  r e l a t i v e  t o  t h e  o r b i t  o f  t h e  moon. T h i s  i s  i l l u s t r a t e d  
by t h e  example i n  F i g u r e  7 where t h e  two-week l u n a r  o s c i l l a t i o n s  
a r e  supe rposed  on a s e c u l a r  downward t r e n d .  

3 . 3  S o l a r  P e r t u r b a t i o n s  

The c o n t r i b u t i o n  o f  s o l a r  p e r t u r b a t i o n s  can a l s o  b e  
d e s c r i b e d  by  E q u a t i o n  8 excep t  t h a t  t h e  magni tudes  o f  K ,  u p ,  and 
i w i l l  be d i f f e r e n t .  Here ,  however,  t h e  o s c i l l a t o r y  t e rms  have  
a p e r i o d  o f  s i x  months.  The example i n  F i g u r e  7 shows how t h e  
s o l a r  o s c i l l a t o r y  term dominates  t h e  mot ion .  The s e c u l a r  component 
i s  i n d i s c e r n i b l e  o v e r  t h i s  t h r e e  month t i m e  span .  Thus,  t h e  
combined l u n a r  and s o l a r  p e r t u r b a t i o n s  r e s u l t  i n  t h e  i n d i c a t e d  
t i m e  h i s t o r y  o f  p e r i g e e  a l t i t u d e .  

r 

*The p e r t u r b a t i o n  model p r e s e n t e d  h e r e  i s  based on t h e  a s sumpt ion  
t h a t  t h e  d i s t u r b i n g  body (Moon and Sun)  moves un i fo rmly  i n  a c i r c u l a r  
o r b i t  and t h a t  i t s  p o s i t i o n  can  be c o n s i d e r e d  f i x e d  d u r i n g  one 
r e v o l u t i o n  o f  t h e  v e h i c l e  i n  t h e  p a r k i n g  o r b i t .  Both a s sumpt ions  
a r e  r e a s o n a b l e  o n e s ,  e s p e c i a l l y  i n  t h e  c o n t e x t  o f  t h i s  memorandum. 
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3 .4  Ob l a t  e n e  s s P e r t u r b  a t  i ons 

When t h e  ea r th  i s  c o n s i d e r e d  t o  b e  an  e l l i p s o i d  o f  
r e v o l u t i o n  ( i . e . ,  h a v i n g  a c i r c u l a r  e q u a t o r  r a the r  t h a n  a "bumpy" 
e q u a t o r )  t h i s  a s p h e r i c i t y  a f f e c t s  only t h e  n o d a l  and a p s i d a l  
l i n e s .  S p e c i f i c a l l y ,  t h e  noda l  and a p s i d a l  p r e c e s s i o n s  p e r  
o r b i t  are  g iven  by ( R e f e r e n c e  5 ) :  

2 2  A R  = - 2 ~  J cos i / [ ( a / R ) ( l - e  ) ]  ( 9 )  

(10) 2 2  O w  = T J ( 4 - 5  s i n 2  i ) / [ ( a / E ) ( l - e  ) I  

Note t ha t  t h e  nodes  always r e g r e s s ,  e x c e p t  f o r  a p o l a r  o r b i t .  The 
argument o f  p e r i g e e  advances  f o r  i n c l i n a t i o n s  i < 63'26' and 
r e g r e s s e s  f o r  i > 63'26'. 
n o t  p e r t u r b e d  d i r e c t l y  by o b l a t e n e s s ,  t h e  q u a n t i t i e s  w 

i n  e q u a t i o n  ( 8 )  are a f f e c t e d  by o b l a t e n e s s  t h r o u g h  t h e  p r e c e s s i o n s  
i n d i c a t e d  by ( 9 )  and ( 1 0 ) .  
p e r i o d ,  1 0 0  n a u t i c a l  m i l e  p e r i g e e  a l t i t u d e ,  agd i = 33 
r i e n c e s  n o d a l  and aps ida l  p r e c e s s i o n s  o f  -5 .7  and +8.6 , 
r e s p e c t i v e l y ,  o v e r  a t i m e  span o f  t h r e e  months.  

3 . 5  Atmospheric  Drag P e r t u r b a t i o n s  

T h u s ,  a l t h o u g h  p e r i g e e  a l t i t u d e  i s  
and ir r 

For  example,  an  o r b i t  w i t h o a  two-day 
expe- 

The dominant e f f e c t  o f  a i r  d r a g  on an e l l i p t i c  o r b i t  
i s  t o  d e c r e a s e  t h e  ma jo r  a x i s  ( R e f e r e n c e  6 ) .  I n i t i a l l y  t h e  
apogee a l t i t u d e  i s  lowered w h i l e  p e r i g e e  a l t i t u d e  remains  
v i r t u a l l y  u n a f f e c t e d .  T h i s  s h o r t e n s  t h e  o r b i t a l  p e r i o d  and 
r e d u c e s  e c c e n t r i c i t y .  When t h e  e c c e n t r i c i t y  i s  "small enough" 
t h e  p e r i g e e  a l t i t u d e  i s  also lowered .  However, i n  t h e  c a s e  
o f  t h e  t y p e  o f  o r b i t s  t o  b e  c o n s i d e r e d  i n  t h i s  c o n t e x t ,  these  
p e r t u r b a t i o n s  w i l l  most l i k e l y  b e  dominated  by s o l a r  and l u n a r  
e f f e c t s .  A q u a n t i t a t i v e  a n a l y s i s  w i l l  depend on such  f a c t o r s  
as t h e  aerodynamic c h a r a c t e r i s t i c s  o f  t h e  p a r t i c u l a r  v e h i c l e ,  
d i u r n a l  v a r i a t i o n s  i n  t h e  a tmosphere ,  s u n s p o t  a c t i v i t y ,  e t c .  
T h e r e f o r e ,  a t m o s p h e r i c  p e r t u r b a t i o n s  are  n o t  c o n s i d e r e d  i n  t h i s  
memorandum and t h e  o r b i t a l  p e r i o d  i s  c o n s i d e r e d  c o n s t a n t  i n  
computa t ions .  

4 . 0  A 1975 MARS FLYBY MISSION 

The d e p a r t u r e  asymptote  f o r  t h e  Mars f l y b y  m i s s i o n  
d e p a r t i n g  e a r t h  on September  23, 1975, i s  g i v e n  by (Refe rence  7 ) :  
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am = 85.7' 

= 32.95' 

Vm = 0.1985 emos 

Thus t h e  minimum i n c  
o r i e n t a t i o n  ( n o d a l  l i n e )  o f  t h e  p l a n e  o f  t h i s  and h i g h e r  i n c l i n a t i o n  
o r b i t s  t o  be  de t e rmined  by Equat ion  3 .  

n a t i o n  o r b i t  w i l l  have i = 32.95 ' ,  w i t h  t h e  

It can  be shown f r o m  Equa t ion  8 t h a t ,  f o r  o r b i t a l  p e r i o d s  
between one and two d a y s ,  a d i f f e r e n c e  i n  p e r i g e e  a l t i t u d e  o f  
1 0 0  n a u t i c a l  miles  w i l l  a f f e c t  t h e  p e r i g e e  p e r t u r b a t i o n  ( A  h ) 

P 
by l e s s  t h a n  two p e r c e n t .  Thus t a k i n g  h = 2 0 0  n a u t i c a l  miles as 
a nominal  p e r i g e e  a l t i t u d e  t h e  r e s u l t i n g  p e r i g e e  h i s t o r i e s  can 
be  c o n s i d e r e d  as t y p i c a l  f o r  t h e  p a r k i n g  o r b i t s  which are f e a s i b l e .  

P 

Computat ions were performed f o r  o r b i t s  r a n g i n g  from 
ninixum i n c l i n a t i o n  t o  p o l a r  o r b i t s .  A l l  o r b i t s  were s e l e c t e d  
s o  as t o  a t t a i n  h = 200 n a u t i c a l  mi les  a t  e a r t h  d e p a r t u r e ,  as 
w e l l  as i n c l i n a t i o n ,  a scend ing  node ,  and argument o f  p e r i g e e  
c o r r e s p o n d i n g  t o  t h e  d e p a r t u r e  a sympto te .  * 

P 

S e l e c t e d  p e r i g e e  a l t i t u d e  h i s t o r i e s  f o r  t h e  Mars m i s s i o n  
are  shown i n  F i g u r e  8a .  These a re  for p a r k i n g  o r b i t s  w i t h  two 
day p e r i o d s .  I n  o r d e r  t o  make maxi-mum use  o f  t h e  e a r t h ' s  r o t a t i o n  
a t  l a u n c h ,  t h e  o r b i t a l  i n c l i n a t i o n  s h o u l d  b e  as c l o s e  as p o s s i b l e  
to t h e  l a t i t u d e  o f  t h e  l a u n c h ' s i t e  which ,  f o r  t h e  Kennedy Space  
C e n t e r ,  i s  approx ima te ly  28.5 . The most advantageous  o r b i t  i n  
t h i s  r e g a r d  i s  t h e  minimum i n c l i n a t i o n  o r b i t ,  i n d i c a t e d  by i = 

on F i g u r e  8 a .  
below 1 0 0  n a u t i c a l  mi les  b e f o r e  r i s i n g  t o  200  n a u t i c a l  mi les .  
Such o r b i t s  are  u n r e a l i s t i c  as  t h e y  s t a n d  because  t h e y  canno t  
s u r v i v e  t h e  s e v e r e  a tmospher ic  e f f e c t s  a t  t h e s e  low a l t i t u d e s .  
However, as was i n d i c a t e d  b e f o r e ,  t h e y  may b e  " s h i f t e d "  upward 
by 1 0 0  or 200 n a u t i c a l  miles  w i t h o u t  s i g n i f i c a n t l y  a l t e r i n g  
t h e  shape o f  t h e  co r re spond ing  p e r i g e e  a l t i t u d e  c u r v e .  T h i s  
would,  o f  c o u r s e ,  r e s u l t  i n  a h i g h e r  i n j e c t i o n  a l t i t u d e  w i t h  

6 m  
Kote t h a t  t h e  p e r i g e e  a l t i t u d e  f o r  t h i s  o r b i t  d i p s  

*Actual ly  t h e  a p p r o p r i a t e  e q u a t i o n s  were computed backward 
i n  t i m e  from t h e  d e s i r e d  c o n d i t i o n s  on t h e  d e p a r t u r e  d a t e .  



i i  

\ J  - B E L L C O M M ,  INC. __ 

a c o r r e s p o n d i n g  AV p e n a l t y .  
a l t i t u d e  a t  d e p a r t u r e  t ime i s  as shown i n  F i g u r e  2 .  

The AV p e n a l t y  for a h i g h e r  p e r i g e e  

F i g t r e  8a a l s o  shows t h a t  h i g h e r  i n c l i n a t i o n  o r b i t s  
( e . g . ,  i = 50 ) can  be  found which n e v e r  go below, s a y ,  150 
n a u t i c a l  mi les .  I n  p a r t i c u l a r ,  t h e  two t y p e s  of  p o l a r  o r b i t s  
a lways s t a y  above 200 n r u t i c a l  miles .  

The e f f e c t s  o f  o r b i t a l  i n c l i n a t i o n  on p e r i g e e  h i s t o r y  
are shown i n  F i g u r e  8a f o r  a f i x e d  o r b i t a l  p e r i o d .  A f u r t h e r  
l o o k  a t  E q u a t i o n  8 r e v e a l s  t h a t  t h e  ampl i tude  o f  t h e  o s c i l l a t i o n s  
depends on t h e  p e r i o d  a l though  t h e  phase  remains  u n a l t e r e d .  
T h e r e f o r e ,  t h e  same c a s e s  shown i n  F i g u r e  8a are p l o t t e d  i n  
F i g u r e s  8b and 8c f o r  p e r i o d s  of 1-1/2 and 1 d a y ,  r e s p e c t i v e l y .  
Comparison of  t h e s e  t h r e e  f i g u r e s  r e v e a l s  t h a t  s h o r t e r  o r b i t a l  
p e r i o d s  r e s u l t  i n  smaller a m p l i t u d e  l u n a r  and s o l a r  o s c i l l a t i o n s ,  
as e x p e c t e d .  The q u a l i t a t i v e  a s p e c t s  ( e . g . ,  r i s i n g ,  f a l l i n g ,  i n  
a " t r o u g h " ,  e t c . ) ,  however, a r e  s t i l l  p r e s e n t .  Thus,  f o r  t h i s  
Mars m i s s i o n ,  t h e  p e r m i s s i b l e  p a r k i n g  o r b i t s  are  a l l  s u c h  t h a t  
e i t h e r  (1) i n j e c t i o n  must occur  a t  ve ry  h i g h  a l t i t u d e s ,  or ( 2 )  
i n t e r m i t t e n t  t h r u s t s  must b e  a p p l i e d  t o  r a i se  p e r i g e e .  

An impu l se  a p p l i e d  a t  apogee t o  r a i se  p e r i g e e  by Ah 
P 

. c a n  be represented  by  . 

and a c o r r e s p o n d i n g  p e r i g e e  impu l se ,  t o  l ower  apogee by t h e  same 
amount ,  by 

Choosing Ah = 50 n a u t i c a l  m i l e s  as t y p i c a l ,  t h e  t o t a l  c h a r a c t e r i s t i c  
v e l o c i t y  r e q u i r e d  f o r  such  a two-impulse maneuver i s  p l o t t e d  i n  
F i g u r e  9 as a f u n c t i o n  o f  o r b i t a l  p e r i o d .  (Note t h e  c l o s e n e s s  o f  
t h e  two c u r v e s  f o r  h = 1 0 0  n a u t i c a l  mi les  and h = 300 n a u t i c a l  

P P 
m i l e s . )  These r e s u l t s  show t h a t  t he  AV r e q u i r e m e n t s  f o r  m a i n t a i n i n g  
p e r i g e e  a l t i t u d e  may b e  k e p t  t o  a v e r y  small p o r t i o n  o f  t h e  o v e r a l l  
l aunch-  as semb l y  -dep a r t u r e  o p e r a t i o n  r e q u i r e m e n t s .  

P 
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The t o t a l  changes which t h e  a n g u l a r  e l emen t s  ( i ,  R ,  and 
U )  e x p e r i e n c e  o v e r  a n  84--day assembly p e r i o d  are  shown i n  F i g u r e s  
10a  and 1 0 b  as a f u n c t i o n  o f  t h e  o r b i t a l  i n c l i n a t i o n  a t  t h e  t i m e  
o f  d e p a r t u r e .  Although they  do n o t  d i r e c t l y  a f f e c t  o r b i t a l  l i f e -  
t i m e ,  A i  and  A R  are shown h e r e  because  t h e  i n i t i a l  o r b i t a l  p l a n e  
has  t o  b e  b iased  a p p r o p r i a t e l y ;  and Ao d e t e r m i n e s  t h e  phase  o f  t h e  
c i r c u l a r  o r b i t  a t  which an  impulse  must b e  a p p l i e d  t o  i n j e c t  i n t o  
t h e  e l l i p t i c  p a r k i n g  o r b i t .  
t u r b a t i o n s  can  b e  r e p r e s e n t e d  approx ima te ly  by 

The r e s p e c t i v e  r a n g e s  o f  t h e  p e r -  

- 1 2 O  < AR < 0' 

-7' < A U  < 

A s  a c o n t r i b u t o r  t o  A R  and A w ,  e a r t h  o b l a t e n e s s  g e n e r a l l y  dominates  
o v e r  l u n a r  and s o l a r  e f f e c t s  by one or two o r d e r s  o f  magni tude  
a l t h o u g h  t h i s  r e l a t i o n s h i p  v a r i e s  w i t h  o r b i t a l  i n c l i n a t i o n .  I t  
s h o u l d  b e  n o t e d  h e r e  t h a t  t h e  e f f e c t s  o f  o b l a t e n e s s  d i m i n i s h  as t h e  
o r b i t a l  p e r i o d  i n c r e a s e s  ( s e e  e q u a t i o n s  9 ,  1 0 ,  and 7) whereas 
l u n a r  and s o l a r  p e r t u r b a t i o n s  become more s e v e r e .  

5 . 0  THREE OTHER INTERPLANETARY MISSIONS 

5 . 1  A 1975 Venus Flyby Miss ion  

f l y b y  m i s s i o n  d e p a r t i n g  ear th  on June  7 ,  1975,  i s  g i v e n  by 
( R e f e r e n c e  7 )  

The d e p a r t u r e  asymptote  f o r  t h e  p roposed  Venus l i g h t s i d e  

am = 144.55 '  

6 -  = -17.68' 

Vm = 0.1087 emos 

Some r e p r e s e n t a t i v e  p e r i g e e  h i s t o r i e s  f o r  t h i s  m i s s i o n  are  shown 
i n  F i g u r e  11. 

Without  t h r u s t i n g  maneuvers t h e  minimum i n c l i n a t i o n  
o r b i t  ( a g a i n  i n d i c a t e d  by  i = ",> i s  c l e a r l y  u n s u i t a b l e  f o r  
i n j e c t i o n  p r i o r  to ?bout 20 days b e f o r e  d e p a r t u r e ;  s o  i s  t h e  t y p e  
1 o r b i t  w i t h  i = 30 f o r  i n j e c t i o n  p r i o r  t o  abou t  40 days  b e f o r e  
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d e p a r t u r e .  
b e c a u s e  i t  i s  a lmos t  i d e n t i c a l  t o  t h e  minimum i n c l i n a t i o n  c u r v e . )  

(The t y p e  2 cu rve  for i = 30' i s  n o t  shown i n  F i g u r e  11 

On t h e  o t h e r  hand one c o u l d  i n j e c t  i n t o  a low i n c l i n a t i o n  
o r b i t  ( s a y ,  i = 3 0 ' )  a t  low a l t i t u d e  a n d  t h e n  pay t h e  AV p e n a l t y  
a s s o c i a t e d  w i t h  a h i g h  d e p a r t u r e  a l t i t u d e  caused  b y  t h e  r i s e  i n  
p e r i g e e .  A t h i r d  a l t e r r L a t i v e  i s  t o  i n j e c t  at lower  a l t i t u d e ,  t h e n  
keep t h e  p e r i g e e  a l t i t u d e  low by a sequence  of t h r u s t i n g  maneuvers 
such  as t h o s e  shown on F i g u r e  9 .  Depending on t h e  m i s s i o n  p r o f i l e ,  
t h i s  l a s t  a l t e r n a t i v e  may b e  t h e  most advantageous  one b e c a u s e  
i t  p r e s e n t s  a p o s s i b i l i t y  for t r a d e o f f  between t h e  two t y p e s  o f  
AV r equ i r emen t s - - r equ i r emen t s  for h i g h  a l t i t u d e  d e p a r t u r e  v e r s u s  
r e q u i r e m e n t s  for m a i n t a i n i n g  low p e r i g e e  a l t i t u d e s .  

The h i g h  i n c l i n a t i o n  o r b i t s  can be  used w i t h o u t  t h r u s t i n g  
maneuvers  only i f  i n j e c t i o n  o c c u r s  a t  ve ry  h i g h  a l t i t u d e s .  A s  
above ,  t h e  a l t e r n a t i v e  h e r e  i s  t o  i n j e c t  a t  a r e a s o n a b l y  low 
a l t i t u d e  and t h e n  a p p l y  s e v e r a l  t h r u s t s  t o  r a i se  p e r i g e e .  

A s i g n i f i c a n t  f e a t u r e  o f  F i g u r e  11 i s  t h e  c u r v e  marked 
i = 50 . T $ i s  shows t h a t  t h e r e  a r e  p a r k i n g  o r b i t s  w i t h  i n c l i n a t i o n s  
c l o s e  to 50 f o r  which t h e  p e r i g e e  a l t i t u d e  remains  c l o s e  t o  200 
n a u t i c a l  m i l e s  for a t  l e a s t  t h r e e  months b e f o r e  t h e  d e p a r t u r e  
da t e .  

0 

A s  i n  t h e  c a s e  o f  t h e  1975 Mars m i s s i o n ,  t h e  t o t a l  changes  
o v e r  84 d a y s  i n  t h e  a n g u l a r  e l emen t s  o f  two-day p e r i o d  p a r k i n g  
o r b i t s  can  b e  r e p r e s e n t e d  by t h e  approximate  r a n g e s  

< A i  < 0.3 '  0 -3.5 

-12' < A R  < 0' 

-3 .5  < A w  17' 

5 . 2  A 1976 T r i p l e  P l a n e t  Miss ion  

One of t h e  p roposed  Venus-Mars-Venus f l y b y  m i s s i o n s  d e p a r t s  
e a r t h  on November 6 ,  1 9 7 6 ,  w i t h  a d e p a r t u r e  asymptote  g i v e n  by  
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( R e f e r e n c e  7 )  

- 11 - 

'rn = 10.99'  

603 = 18.89'  

V m = 0.2393 emos 

R e p r e s e n t a t i v e  p e r i g e e  h i s t o r i e s  f o r  t h i s  m i s s i o n  are shown i n  
F i g u r e  1 2 .  

The t y p e  1, 30' o r b i t  r e p r e s e n t s  t h e  most l e v e l  c u r v e  
i n  t h e  f a m i l y  o f  a v a i l a b l e  o r b i t s .  F o r  two or t h ree  months before  
d e p a r t u r e ,  t h i s  o r b i t  c a l l s  f o r  i n j e c t i o n  a l t i t u d e s  around 400 
n a u t i c a l  mi l e s .  E x t r a p o l a t i n g  t h i s  c u r v e  backward i n  t i m e  shows 
t h a t  for a f o u r  month p a r k i n g  o r b i t ,  i n j e c t i o n  can  be made 1 2 0  
t o  130 days b e f o r e  d e p a r t u r e  at an a l t i t u d e  o f  200  n a u t i c a l  mi l e s .  
Dur ing  t h e  four-month p a r k i n g  p e r i o d ,  t h e  per igee  a l t i t u d e  w i l l  
s t i l l  r i s e  t o  o v e r  400 n a u t i c a l  mi les .  However, as i n  t h e  c a s e  
o f  t h e  1975 Venus m i s s i o n ,  one can a g a i n  a p p l y  i m p u l s i v e  t h r u s t s  
t o  a d j u s t  t h e  p e r i g e e  a l t i t u d e  a c c o r d i n g  t o  i n j e c t i o n  and rendez-  
vous r e q u i r e m e n t s .  

Again,  t h e  84-day changes i n  t h e  a n g u l a r  e l e m e n t s  are 
w i t h i n  t he  approx ima te  r a n g e s  

-1 .6 '  < A i  < 1 . 4 '  

-2 .5  ' < A w  < 12'  

5 . 3  A 1 9 7 7  Venus F l y b y  Miss ion  

F i g u r e  13  shows t h r e e  per igee h i s t o r i e s  for a Venus 
f l y b y  m i s s i o n  d e p a r t i n g  ea r th  on J a n u a r y  7 ,  1977,  w i t h  a sympto te  
( R e f e r e n c e  7 )  

6 m  = 15.51' 

V = 0.099 emos 
m 
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The two t y p e s  o f  p o l a r  orbitso have a lmos t  i d e n t i c a l  p e r i g e e  
h i s t o r i e s  and t h e  t y p e  1, 30 cu rve  i s  s i m i l a r  t o  t h e  minimum 
i n c l i n a t i o n  (i = c u r v e .  Eence o n l y  one o f  e a c h  i s  p l o t t e d .  

Note t h a t  t h e  t y p e  2 ,  30' o r b i t  w i t h  a two-day p e r i o d  
has p e r i g e e  a l t i t u d e s  between 290 n a u t i c a l  miles  and 1 4 0  n a u t i c a l  
n i l e s .  The cor respondi r ig  o r b i t  w i t h  a one-day p e r i o d  ( n o t  shown 
i n  F i g u r e  1 3 )  has p e r i g e e  a l t i t u d e s  between abou t  215 n a u t i c a l  
mi les  and 1 7 5  n a u t i c a l  m i l e s .  T h i s  e f f e c t  o f  s h o r t e r  o r b i t a l  
p e r i o d s  t e n d i n g  to " l e v e l "  t h e  c u r v e s  was a l s o  shown i n  t he  c a s e  
o f  t h e  1 9 7 5  Mars m i s s i o n .  Although a s h o r t e r  o r b i t a l  p e r i o d  
r e q u i r e s  a lower  i n j e c t i o n  v e l o c i t y  ( see  F i g u r e  1) a l a r g e r  
impu l se  i s  r e q u i r e d  a t  d e p a r t u r e  t i m e  ( s e e  F i g u r e  2 ) .  

t he se  o r b i t s  are  g i v e n  by  t h e  approximate  r a n g e s  
The changes i n  t h e  a n g u l a r  e l e m e n t s  o v e r  84. days  o f  

-10' < A R  < 0 . 5  0 

- 2 . 5  0 < A w  < 12 .3 '  

6 . 0  SUMMARY AND CONCLUSIONS 

The e f f e c t s  of  l u n a r  and s o l a r  g r a v i t a t i o n  on t h e  l i f e -  
t i m e s  o f  p a r k i n g  o r b i t s  f o r  f o u r  s e l e c t e d  p l a n e t a r y  m i s s i o n s  are 
shown i n  t h e  form o f  p e r i g e e  a l t i t u d e  h i s t o r i e s  f o r  v a r i o u s  
o r b i t a l  i n c l i n a t i o n s .  Depending on s o l a r - l u n a r  c o n f i g u r a t i o n s  
( i . e . ,  on t h e  d a t e s )  t h e  p e r i g e e  a l t i t u d e s  f o r  some of  t hese  
o r b i t s  a r e  i n c r e a s i n g  whereas  o t h e r s  are d e c r e a s i n g .  P a r k i n g  
o r b i t  i n c l i n a t i o n s  which r e s u l t  i n  r e a s o n a b l y  c o n s t a n t  p e r i g e e  
a l t i t u d e s  a re  shown t o  e x i s t  at l eas t  f o r  two Venus m i s s i o n s :  
one i n  mid-1975 and a n o t h e r  i n  ea r ly -1977 .  F o r  o t h e r  o r b i t s  some 
t h r u s t i n g  w i l l  b e  n e c e s s a r y  t o  a d j u s t  p e r i g e e  a l t i t u d e  t o  meet 
i n j e c t i o n  and  rendezvous  r e q u i r e m e n t s .  
men t s  were estimated t o  be  a small p o r t i o n  of  t h e  o v e r a l l  m i s s i o n  
r e q u i r e m e n t s  ( s e e  F i g u r e  9 ) .  

Fo r  b i a s i n g  and p h a s i n g  t h e  i n j e c t i o n  c o n d i t i o n s  f o r  
t hese  f o u r  p l a n e t a r y  m i s s i o n s ,  i t  i s  shown t h a t  o r b i t a l  i n -  
c l i n a t i o n s  g e n e r a l l y  d e c r e a s e ;  t h a t  t h e  nodes  r e g r e s s ;  and 
t h a t  t h e  l o c a t i o n  of  p e r i g e e  g e n e r a l l y  advances  r e l a t i v e  t o  
t h e  a s c e n d i n g  node.  
t o  ear th  o b l a t e n e s s .  I n c r e a s i n g  t h e  o r b i t a l  p e r i o d  d i m i n i s h e s  
t h e  e f f e c t s  of o b l a t e n e s s  whereas l u n a r  and  s o l a r  p e r t u r b a t i o n s  
become more s e v e r e .  

However, t h e  AV r e q u i r e -  

These l a s t  two p e r t u r b a t i o n s  are due mos t ly  
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The p e r t u r b a t i o n  of p e r i g e e  a l t i t u d e  depends on t h e  
o r i e n t a t i o n  of  t h e  n o d a l  and a p s i d a l  l i n e s  of  t h e  p a r k i n g  o r b i t  
r e l a t i v e  t o  t h e  p o s i t i o n  o f  t h e  d i s t u r b i n g  body a t  epoch ( see  
F i g u r e  6 and Equa t ion  8 ) .  All o f  t h e  p a r k i n g  o r b i t s  d i s c u s s e d  
i n  t h i s  memorandum are  s e l e c t e d  s o  tha t  t h e i r  p l a n e s  c o n t a i n  
t h e  a p p r o p r i a t e  d e p a r t u r e  asymptote  a t  t h e  d e p a r t u r e  da te .  
Thus d i f f e r e n t  p e r i g e e  h i s t o r i e s  may b e  o b t a i n e d  by s e l e c t i n g  
o f f -nomina l  p a r k i n g  o r b i t s .  T h i s  might r e s u l t  i n  s e v e r e  AV 
p e n a l t i e s ,  however,  because  o r i e n t a t i o n  or i n c l i n a t i o n  changes ,  
o r  b o t h ,  would b e  r e q u i r e d  b e f o r e  d e p a r t u r e  and these  are g e n e r a l l y  
r a the r  c o s t l y  maneuvers.  O f  c o u r s e ,  d e p a r t i n g  a t  a d i f f e r e n t  
t i m e  o f  t h e  year  would a l s o  comple t e ly  change t h e  n a t u r e  o f  
t h e  p e r t u r b a t i o n s  (compare F i g u r e  6 )  b u t  t h e  d e p a r t u r e  da t e  i s  
a f i x e d  p r o p e r t y  of  a p a r t i c u l a r  m i s s i o n  r a t h e r  t h a n  a f r ee  
p a r  ame t e r . 

All p e r i g e e  a l t i t u d e s  i n  t h i s  memorandum are  shown f o r  
84 days  and end a t  2 0 0  n a u t i c a l  m i l e s  on t h e  date  o f  e a r t h  d e p a r t u r e .  
T h i s  i s  done m e r e l y  f o r  s t a n d a r d i z a t i o n  and f o r  ease o f  compar ison .  
A s  o p e r a t i o n a l  d e t a i l s  o f  i n d i v i d u a l  m i s s i o n s  become a v a i l a b l e  
more s p e c i f i c  computa t ions  and p r e d i c t i o n s  can b e  made. The 
p u r p o s e  o f  t h i s  memorandum i s  main ly  t o  show t r e n d s  and t o  
i n d i c a t e  t h e  e f f e c t s  o f  p a r a m e t r i z a t i o n .  

1013-HBB- amb H .  B. Bosch 

At tachments  
R e f e r e n c e s  1-7 
L i s t  o f  Symbols 
F i g u r e s  1-13 
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L i s t  o f  Symbols 

Symbol 

a 

e 

h 

i 

J 

K 

P 

R 

r 

V 

W 
V 

00 
3 

Y 

A 

aVH 

AVO 

AVi 

- Semi-major a x i s  of  p a r k i n g  o r b i t  

- E c c e n t r i c i t y  o f  p a r k i n g  o r b i t  

- Heigh t  above mean s u r f a c e  of e a r t h  

- I n c l i n a t i o n  o f  p a r k i n g  o r b i t  

- O b l a t e n e s s  p a r a m e t e r  ( 1 . 6 2 3 4 5  x lo-’) 

- Cons tan t  (see Equat ion  8 )  

- P e r i o d  o f  p a r k i n g  o r b i t  

- Radius o f  ea r th  

- D i s t a n c e  from c e n t e r  o f  ea r th  

- O r b i t a l  v e l o c i t y  

- H y p e r b o l i c  e x c e s s  v e l o c i t y  ( s c a l a r )  

- D e p a r t u r e  asymptote  ( v e c t o r )  

- Right  a s c e n s i o n  o f  d e p a r t u r e  asymptote  

- L o c a t i o n  of d i s t u r b i n g  body a t  epoch (see F i g u r e  6 )  

- Change i n  t h e  a s s o c i a t e d  v a r i a b l e  

- C h a r a c t e r i s t i c  v e l o c i t y  f o r  Hohmann t r a n s f e r  

- C h a r a c t e r i s t i c  v e l o c i t y  f o r  t h r e e - i m p u l s e  i n j e c t i o n  maneuver 

- C h a r a c t e r i s t i c  v e l o c i t y  f o r  two-impulse p e r i g e e  a d j u s t i n g  
maneuver 

- D e c l i n a t i o n  o f  d e p a r t u r e  asymptote  

- Angle from p e r i g e e  t o  d e p a r t u r e  a sympto te  

- G r a v i t a t i o n a l  c o n s t a n t  o f  e a r t h  

- Righ t  a s c e n s i o n  o f  a scend ing  node 

w - Argument o f  p e r i g e e  
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L i s t  o f  Symbols ( C o n t ' d )  

S u b s c r i p t  

a - Apogee o f  p a r k i n g  o r b i t  

c - C i r c u l a r  o r b i t  

L - P e r i g e e  o f  e a r t h  e s c a p e  h y p e r b o l a  

p - P e r i g e e  o f  p a r k i n g  o r b i t  

r - R e l a t i v e  t o  o r b i t  of d i s t u r b i n g  body 
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PARKING ORB1 

- CHARACTER I S T  I C VELOC I T Y  (AV 
INTO E L L I P T I C  PARKING O R B I T  

r PERIOD - DAYS 

) REQUIREMENTS FOR I N J E C T I O N  
FROM CIRCULAR O R B I T  OF 100 NM ALTITUDE 



PARKING O R B I T  PERIOD - DAYS 

F IGURE 2 - CHARACTERISTIC VELOCITY - (AVL) REQUIREMENTS TO ATTAIN HYPERBOLIC 
~~ U S  SPEED OF Vco = 0.1985 EMOS FROM PERIGEE OF E L L I P T I C  PARKING 

ORB IT 



FIGURE 3 - PROJECTIONS ON THE CELESTIAL SPHERE OF THE TWO TYPES OF PARKING 
ORBITS FOR A GIVEN DEPARTURE ASYMPTOTE (tm) 
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FIGURE 4 - PARK NG ORB 
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T PARAMETERS AS RELATED TO THE DEPARTURE ASYMPTOTE (G) 



w 
I- 
O 
I- 
L 
E > cn 
4 

u cn 
W 

A 



F I G U R E  6 - PROJECTION ON THE CELESTIAL SPHERE SHOWING ORIENTATION OF PARKING 
O R B I T  RELATIVE TO ORBIT  OF D ISTURBING BODY (SUN OR MOON) 



. .  

0 
0 
j 

- 0  
0 =+ 
II 

.- 

0 
Ln 
0 

I I  

C 

0 
b, 
Qo 
hl 

I 1  

3 

c 

C L -  

0 
0 
0 

8 
hl 

0 
6, 

0 
Qo 

0 
b 

0 
(0 

0 
In 

0 
=t 

0 
m 

0 
N 

0 - 

0 
0 

I- 
m 
PL 
0 

I 
t- 
PL 
W 

O 

I- 
CL 

-I 
4 
W 

LL 
0 

W 

- 

- 
- 

LL 
0 

v) 
I- 
O 
W 
LL 
LL 
W 

I 

b 

W 
PL 
=> 
W 

L 
- 
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DEPARTURE DATE: 23 SEPTEMBER 1975 

DEPARTURE ASYMPTOTE 6, = 32.95' 

ORBITAL PERIOD: 2 DAYS 

aco = 85.7' t Va,  = 0.1985 EMOS 

90 80 70 60 50 IC0 30 20 I O  0 

DAYS BEFORE EARTH DEPARTURE 

F IGURE 8a - EFFECT OF ORBITAL INCLINATION ON PERIGEE ALTITUDE OF EARTH 
PARKING ORBITS FOR A MARS FLYBY M I S S I O N  
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F IGURE 8b - EFFECT OF ORBITAL INCLINATION ON PERIGEE ALTITUDE OF EARTH PARKING 
ORBITS FOR A MARS FLYBY M I S S I O N  (SEE FIGURE 8a) 
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F I G U R E  8~ - EFFECT OF ORBITAL INCLINATION ON PERIGEE ALTITUDE OF EARTH PARKING 
ORBITS FOR A MARS FLYBY M I S S I O N  (SEE F IGURE 8a) 
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DEPARTURE DATE: 7 JUNE 1975 
= iuu.550 

DEPARTURE ASYMPTOTE 600 = - i7.sso 
va, = 0. io87 EMOS t 

ORBITAL PERIOD: 2 DAYS 

DAYS BEFORE EARTH DEPARTURE 

F IGURE I 1  - EFFECT OF ORBITAL INCLINATION ON PERIG€E ALTITUDE OF EARTH 
PARKING ORBITS FOR A VENUS FLYBY M I S S I O N  
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FIGURE 12 - EFFECT OF ORBITAL INCLINATION ON PERIGEE ALTITUDE OF 
EARTH PARKING ORBITS FOR A TR I PLE PLANET M I S S  ION 
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DAYS BEFORE EARTH DEPARTURE 

FIGURE 13 - EFFECT OF ORBITAL INCLINATION ON PERIGEE ALTITUDE OF 
EARTH PARKING ORBITS FOR A VENUS FLYBY MISSION 


